ABS"I'p~G~I " A trial was conducted to evaluate the ability of a prostaglandin analog, Luprostiol (LP), to synchronize estrus in Brahman cows and heifers. Animals were injected with either 0, 3.75, 7.5, 15 or 30 mg LP or 500 btg cloprostenol (CLP) on d 8 or 9 "after estrus (d 0). All concentrations of LP (>0 mg) and CLP caused luteolysis in cows and heifers, as indicated by a decline (P < .01) in serum progesterone concentration after injection. Animals receiving 0 or 3.75 mg LP had a longer (P < .04) interval to estrus after injection than did animals in other treatment groups. The proportion of animals exhibiting estrus by 120 h after injection was influenced by dose of LP (P < .0001; 0, 3.75 mg < 7.5, 15 and 30 mg and CLP) but not by age. Cows had a lower (P < .01) progesterone concentration than heifers on d 10, 11 and 12 after LP-induced estrus. Progesterone concentration was lowest (P < .01) on d 10, 11 and 12 after LP-induced estrus in cows given 15 mg LP or CLP. First-service conception rate was similar between cows and heifers, but it was lower (P < .01) in animals given 15 or 30 mg LP. Both estrogen and LH concentrations were decreased (P < .01) at the time of estrus by the 15 and 30 mg of LP. Luprostiol can cause luteolysis and estrous synchrony in Brahman cattle. Because the higher doses of LP (15 and 30 mg) suppress subsequent corpus luteum function and fertility, 7.5 mg LP is the appropriate dose for use in Brahman cows and heifers.
Introduction
The ability to modify the estrous cycle of cattle with prostaglandin F2et; (PG) has had an influence, although minor, on the beef cattle industry. There are several PG products cur-rently available for use in cattle. All PG products are effective for estrous synchronization only in cattle in which ovarian cyclicity is established. Studies have been conducted to determine the optimal dose of PG necessary for luteolysis and estrous synchronization in cattle (Manns and Hafs, 1976; Jochle et al., 1982) . Most of these studies were conducted in Bos taurus cattle. Use of PG has not been so successful in Bos indicus cattle as in Bos taurus cattle (Hardin et al., 1980a,b; Hardin and Randel, 1982) . Hansen et al. (1987a) reported that Brahman heifers required a higher dose of alfaprostol for effective synchronization of estrus than Brahman cows did. Stage of the estrous cycle at the time of PG treatment also can influence the ability of PG to induce luteolysis (Cooper, 1974; Leaver et al., 1975; Johnson, 1978; Jackson et al., 1979; 2067 Hansen et el., 1987a .
As new PG products are developed, it is necessary to evaluate their efficacy in different types of cattle (i.e., Bos taurus vs Bos indicus). This study was designed to evaluate efficacy of Luprostiol 6, a PG analog, for estrous synchronization in Brahman cows and heifers, by measuring the synchrony of estrus and endocrine characteristics after treatment with Luprostiol. 
Materiels and Methods
Sixty-six mature Brahman cows (>3 yr of age) and 56 virgin Brahman heifers (2 yr of age) were utilized. Forty-four of the Brahman cows were nursing calves at the time of treatment. The remaining cows were at least 120 d after parturition. All cattle were observed for estrus for 3 mo prior to initiation of the study to determine cycling. An animal had to be observed in estrus twice prior to being assigned to a treatment. The pretreatment estrous cycle had to be in the range of 16 to 26 d to minimize animals having abnormal length estrous cycles. After the second observed estrus, each animal was assigned to a treatment group based on age and lactational status (Table 1) . On d 8 or 9 (estrus = d 0) animals were given 0, 3.75, 7.5, 15 or 30 mg Luprostiol (LP) or 500 ~tg cloprostenol (Estrumate| CLP). All injections (2 mi) were given i.m.
Blood samples were collected via coccygeal vessel puncture at the time of injection and every 6 h for 72 h or until estrus, whichever came first. Sterile bulls equipped with chinball markers were used to aid in detection of estrus. Heifers and cows were observed for estrus every 6 h at the times of blood collection. Detection of estrus was continued until all females were observed in estrus. At onset of estrus, blood samples were collected at 6-h intervals for 24 h. All females were bred 12 h after onset of estrus by AI. Two technicians were distributed evenly across treatment groups to minimize influence on conception rate. Cows were inseminated with semen from a single ejaculate of one bull, and heifers were inseminated with semen from a 6Norden Laboratories, Inc., Lincoln, NE. 7Bayvet Division, Miles Laboratories, Inc., Shawnee, KS.
single ejaculate of another bull. At 24 h after breeding, cows and heifers were placed with fertile bulls equipped with chin-ball markers, and detection of estrus was continued to determine conception rate to the first breeding. If a cow or heifer returned to estrus, it was assumed that she did not conceive to AI. Blood was collected on d 6, 10, 11 and 12 after estrus. On d 10 all females were palpated per rectum to detect the presence of a corpus luteum (CL).
Blood was processed to yield serum and stored at-20"C until analysis. Concentrations of progesterone (P4), estradiol-17J3 (EST), LH and FSH were determined by RIA (Abraham et el., 1971; Goiter et el., 1973; Bolt, 1981; Godfrey et el., 1985) . Validation of each RIA was conducted in our laboratory. All assays had inter-and intra-assay coefficients of variation that were <15%. Steroid assays had extraction recovery rates >85%; values for samples were adjusted accordingly.
Response traits recorded for cows and heifers included time from LP or CLP treatment to estrus and first-service conception rate of animals inseminated at the first esmas after treatment. Pregnancy rate was determined by rectal palpation 45 d after breeding. Calving dates were utilized to verify conception data when an animal was observed in estrus and bred more than one time. All data were analyzed by least squares analysis of variance and Chi-square analysis (SAS, 1985) . Hormone concentrations after PG treatment and after estrus were analyzed using a split-plot model. Terms included in the whole-plot were parity, dose of PG and the parity x dose interaction. The error term used was animal within parity x dose. The sub-plot included time of sample collection and the appropriate interactions with parity and dose of PG. Least squares means and SE were reported, and differences between means were determined by using the predicted difference (PDIFF) option of the GLM procedure of SAS (1985) . Mean hormone concentrations of EST, LH and FSH were analyzed for the period following PG treatment and after estrus. The proportion of animals exhibiting estrus after PG treatment and the conception rate after AI at the PGinduced estrus were analyzed by Chi-square analysis, using parity and dose of PG as main effects.
Results
Time to estrus after injection was longest (P < .0001) in cows and heifers given 0 or 3.75 mg LP (Figure 1) , and animals given 30 mg LP had the shortest (P < .0001) interval to estrus (85 h). The 7.5 and 15 mg doses of LP or 500 ~tg CLP caused cows and heifers to exhibit estrus by approximately 130 h. By 5 d after injection a greater proportion (P < .001) of heifers given 7.5 or 30 mg LP had exhibited estrus (Figure 2 ). Eighty percent of cows given 30 mg LP exhibited estrus within 5 d, whereas it required longer (P < .001) for 80% of cows given 15 mg LP to exhibit estrus. All heifers given 30 mg LP or CLP had exhibited estrus by 7 d after injection.
Compared to control animals, all doses of LP (>0 mg) and CLP (P < .01) caused regression of the CL in cows and heifers, as indicated by a decline in serum P4 concentrations (Figure 3) . In cows given 3.75 mg of LP, Brahman heifers given 30 mg LP or CLP had a greater (P < .02) FSH concentration prior to estrus than Brahman cows given similar doses, or heifers given lower doses (Table 2 ). Heifers given CLP had maximal (P < .01) FSH (160 ng/ml) at 36 h prior to estrus and heifers given 30 mg LP had maximal (P < .01) FSH (120 ng/ml) at 18 h prior to estrus, whereas there were no elevations of FSH detected in cows during the 72-h period prior to estrus. There were no differences (P > .10) in serum FSH concentration between cows and heifers or among doses of LP after estrus (Table 3) .
Mean serum EST was greater (P < .08) in heifers than in cows for 72 h prior to estrus (27.4 vs 21.3 pg/ml, respectively). This appears to be due to a high concentration of EST at 36 h prior to estrus in 0 mg LP heifers. Estrogen decreased to <10 pg/ml at the time of estrus and remained low for the subsequent 24 h in both cows and heifers. Heifers given 3.75 mg LP had lower (P < .02) mean EST concentration than heifers given other doses of LP or CLP prior to estrus (Table 2) ; there were no differences in EST concentration prior to estrus in cows given any dose of LP or CLP. There were no differences in serum EST concentration between cows and heifers or among doses of LP after estrus (Table 3) .
Cows and heifers had similar (P > .10) mean serum LH prior to estrus (6.5 vs 6.4 rig/ ml, respectively). In both cows and heifers, the 3.75 mg LP-treated animals had a greater (P < .02) mean LH concentration prior to estrus than did the other treatment groups (Table 2) . During the 24 h after estrus, heifers given 0 or 3.75 mg LP had greater (P < .01) LH concentration than heifers given higher doses of LP or CLP (Table 3) . In cows, the 3.75 mg LP group had the highest (P < .01) mean LH concentration after estrus. Cows given 30 mg LP had a maximal (P < .01) LH concentration the other groups of cows had maximal LH at onset of estrus. All groups of heifers had maximal LH values around the time of onset of estrus.
On d 6, 10, 11 and 12 after estrus, cows had a lower (P < .0001) serum P4 than did heifers (3.2 vs 4.5 ng/ml, respectively). Cows given 15 mg LP had lower (P < .01) P4 concentration on d 6 than cows given 0 mg LP (Figure  4) , whereas cows given 30 mg LP had greater (P < .01) P4 concentration on d 10, 11 and 12 than cows given lower doses of LP or CLP. Heifers given 15 mg LP or CLP had the lowest (P < .01) mean P4 concentrations across days, whereas there were no differences in P4 concentration among the other groups of heifers on d 10, 11 and 12. First-service conception rate was lower (P < .01) in both cows and heifers given either 15 or 30 mg LP ( Figure 5 ).
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Discussion
Luteolysis was evident after all doses of LP (greater than 0 mg) and CLP, as shown by decreasing P4 concentrations in both cows and heifers (Figure 3 ). This is in agreement with other studies that utilized PG to induce luteolysis in cattle (Refsal and Seguin, 1980; King et al., 1982; Schams and Karg, 1982; Hansen et al., 1987a) . Only the 30 mg dose of LP caused more than 70% of cows to be in estrus within 5 d. This is a lower response rate than reported in other studies with Brahman cows. Hansen et al. (1987a) a'bM-eans within a row and hormone with different superscripts are different (P < .02). C,dMeans within a column with different superscripts are different (P < .02). eMilligrams of Luprostiol. rage • dose was not significant (P > .10).
of Brahman cows and heifers given >.75 ng of alfaprostol/100 kg BW exhibited estlus within 5 d. This dose corresponds to approximately 3.4 mg of alfaprostol per animal, determined by utilizing average BW of the animals. The corresponding dose of LP (3.75 mg) caused less than 50% of cows and heifers to exhibit estrus by 7 d after injection. There may be differences in biological activity and(or) clearance rate of the two PG analogs that caused this difference in efficacy. At 5 d after injection both the 7.5 mg and 30 mg doses of LP had response rates similar to that of CLP in cows and heifers. This indicates a comparable efficacy of LP to CLP for inducing luteolysis and estrous synchronization of Brahman cattle. Progesterone concentrations in serum on d 6, 10, 11 and 12 after synchronized estrus are indicative of CL function. Hansen et al. (1987b) reported no difference in serum P4 concentration after PG-induced estrus between Brahman cows and heifers. In the current study, cows had a lower P4 concentration than heifers (Figure 4 ). Both cows and heifers treated with 15 mg LP had lower P4 concertnations than animals treated with other doses of LP. Hardin and Randel (1982) reported that subsequent CL weight, P4 content of CL and serum P4 concentration were lower in Brahman cows after estrous synchronization with CLP. This is in agreement with the present study, where CLP-treated cows had lower serum P4 concentrations than controls (Figure 4) .
First-service conception rate was suppressed by the 15 and 30 mg doses of LP in cows and heifers compared with the lower doses of LP. Hardin et al. (1980b) reported a decrease in fertility of Brahman cattle using timed AI and PG. In the present study, CLP-treated animals a,bMeans within a column with different superscripts are different (P < .01). C,dMeans within a row with different superscripts are different (P < .01).
eMilligraras of Luprostiol. rage x dose was not significant (P > .10).
had a greater than 70% fn'st-service conception rate, which was comparable to that of control, 3.75 and 7.5 mg LP-treated animals. Hardin et al. (1980b) was able to achieve adequate fertility by inseminating at 12 h after onset of estrus; this also was done in the present study. Perhaps the decreased fertility at the higher doses of LP was due to an effect on the preovulatory LH surge. Brahman cows given 30 mg LP had maximal LH concentrations 6 h later than the other treamaent groups. By altering the timing of the LH surge, ovulation and fertility may have been influenced. Rentfrow et al. (1987) reported a similar effect using Syncro-MateB| in Brahman heifers, except that the preovulatory LH surge was earlier in treated heifers compared with controis, and this may have decreased fertility. Hansen et al. (1987b) reported that high doses of PG suppressed serum P4 concentration Day After Estrus following the PG-induced estrus. A combination of altered timing of the preovulatory LH surge and CL function following PG-induced estrus may explain the suppressed fertility. Erb et al. (1976) concluded that asynchronies in endocrine events around estrus and ovulation were responsible for many instances of infertility in cattle.
Luteolysis has been induced in cattle with 15 mg LP (Schams and Karg, 1982; Kiracofe et al,, 1988) , but in the current study this dose caused a decrease in fertility compared with lower doses. From the present results, it appears that 7.5 mg of LP is the optimal dose for synchronization of estrus in Brahman cattle. This dose caused luteolysis, produced estrous synchrony rates similar to CLP and yielded fertility levels similar to those of control animals. There also was no suppressive effect on function of the subsequently formed CL at this dose in Brahman cows and heifers.
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